This paper treats the diffusion-convection model of heat and mass transfer in a mortar wall under intense heating. Two features are taken into account for the generation of water vapor. The first one is the desorption of the physically adsorbed water in the pore, which causes the "Temperature Creep", slow temperature rise rate near 100·C. The second one is the thermal decomposition of crystalline water at higher temperature. The model is numerically solved for one dimensional cases, and the results are shown for temperature, total pressure, partial pressure of vapor, physically adsorbed water content and crystalline water content. They show good agreements with the experiments. 
The thermal responses of mortar and/or concrete to fire is well studied by many authors. There are many models to predict the temperature of the material. In some of the models, not only heat, but also the transfer of moisture and gas in the pore, are considered in connection with the evaporation of wa t er j l r d]. However, the thermal decomposi t i on of crystalline water is neglected in most of the models.
A simple model of heat and mass transfer, considering the desoption of physically adsorbed water and the decomposition of crystalline water, is already presented by the authors ("Diffusion Model" [5] ) . However, the calculated vapor content was considerably higher than the measurd value. This error is attributed to neglecting the convection of the gas in the pore.
The model presented in this paper is a "Diffusion-Convection Model". The convection of mixed gas in the pore is taken into account in addi t i on to the "Diffusion Model". The model makes a similar approach to the model of Fredlund[6] for the analysis of timber structures during fire, but particularly oriented to concrete and/or mortar structures. The model is numerically solved for one dimensional cases. The calculated results are compared with the experiments.
MATHEMATICAL MODEL
Mortar is treated as a porous material as shown Fig. 1 . Its skeleton is made of aggregate and cement paste. Cement paste contains the crystalline water. In the pore, liquid water is physically adsorbed. In the gas phase of the pore, water vapor, which is mixed with air, is in equilibrium with the physically adsorbed water. The physically adsorbed water. water vapor and air. can move through the pore. whi l e the crystal 1 i ne water cannot move.
The governing equations for this system are, In the above equations, symbol u denotes the volume flow rate of gas in the pore per unit cross sectional area. Assuming that the flow in the pore is laminar, it can be expressed by the Darcy's equation (6) The rate of desorption of physically adsorbed water is assumed to be proportional to the displacement from the equilibrium point, therefore, expressed by the Langumuir equation [7] (7)
On the other hand, the rate of thermal decomposition of the crystalline water is expressed by (8) This equation is analogous to the equation proposed by Ingraham [8] to express the rate of decomposition of calcium carbonate.
The parameters of the above equations are shown in fire load density 60 kg/m of floor area heated from one side. Three fire temperature curves are selected for the calculations and also for the experiments. One of them is the ISO fire (Test I), the other two curves are real fire curves estimated for the compartment shown in Pig. 3 by the method described in [10] . Pire load densi ty is assumed to be 30kg(Test 2), and 60kg(Test 3) of wood per unit floor area. These three curves are shown in Pig. 3.
NUMERICAL PROCEDURE
The equa t ions (2) and (3) can be expressed in terms of the total pressure and the partial pressure of vapor with the use of the equation (6) and the equations of state of water vapor and mixed gas, and solved simultaneously with the other equations.
All the governing equations can be transformed into the Poisson equations. Therefore, they are formulated by the integral equations derived from the Green's formula and by the diagonally implicit Runge-Kutta scheme (DIRK). The equations formulated by this way are numerically stable and accurate. Therefore large time increment can be adopted. The detailed procedure is not presented here, but described in [5, g].
EXPERIMENTAL PROCEDURE[II]
The experiments are carried out using the ap.paratus shown in Pig.4. The specimen is attached vertically to the furnace, and heated by electricity. The furnace temperature is regulated by a PID controller to fit to the fire temperature shown in Pig. 3.
The specimen is 40mm thick. Five thermocouples (Type K, O.65mm dia.) and three moisture sensors are embedded to measure temperature and physically adsorbed water content.
In order to measure the total pressure, a pipe filled with silicone oil is molded in center of the specimen. A pressure transducer is fixed to the other end of the pipe. 
RESULTS
The calculated and measured values of the Test 1 are shown in Fig.5 . The calculated temperatures (Fig.5A ) are in good agreement wi th the measured value as a whole, even though the calculated temperatures are sl i ght l y higher than the measured data near the exposed surface. The temperature creep is clear in both calculation and experiment. The creeping temperatures are in the range of 95 to 108' C in calculation, 98 to 113' C in experiment. The calculated creeping temperatures are a little lower than experimental values.
The calculated total pressure gradients at the exposed and unexposed surfaces are shown in Fig. 58 . In the early stage of heating, total pressure gradient at the exposed surface is large, but decreases as the drying front moves toward the unexposed surface. The fluctuations in this figure is the numerical error due to the discretization.
The calculated and measured total pressure are shown in Fig.5C . The calculated total pressure in center of the specimen is about 40000 Pascals lower than the measured data. This error is consistent with the error of the creeping temperature. because lower internal pressure causes lower creeping temperature.
The partial pressure of vapor is shown in Fig. 5D . At the internal points, they are about 1.1 times of atmospheric pressure. Almost all of the pore is occupied by water vapor at the internal points. At the exposed and unexposed surfaces. they are about 0.8 times of the atmospheric pressure. About 20% of the pore is occupied by air at the both surfaces.
The measured and calculated physically adsorbed water content are shown in Fig.5E . The measured and calculated values are in fair agreements. At the exposed surface, physically adsorbed water content directly falls down to zero. At the internal points and the unexposed surface, physically adsorbed water content rises at first due to the adsorption of water vapor which has moved from the zone of exposed surface. and fall s down to zero slightly after the end of the temperature creep.
The crystalline water begins to decompose when almost all the physically adsorbed water has evaporated (Fig.5F ). The degree of decomposi tion is determined by the maximum temperature of each point.
The above discussions are valid also in test 2 (Fig.6) and 3(Fig.7) qualitatively. Quantitatively, the calculated total pressures are lower than that of the experiments. The permeability used in the calculation seems to be too large.
The measured total pressure is sensitive to the degree of cracking. In Test 1 and 3. small cracking occurred. whi 1e in Test 2. no cracking occurred. Therefore, in Test 2. the measured total pressure is high. In Test 3. the pressure is low until the end of temperature creep. After that, the silicone oil in the pipe evaporated in this test. resulting the unexpected high pressure. 10mm from the exposed surfacẽ center of the wall z:
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